The purpose of this study was to explore factors that facilitate or hinder effective use of computers in Australian general medical practice. This study is based on data extracted from a national telephone survey of 480 general practitioners (GPs) across Australia. Clinical functions performed by GPs using computers were examined using a zero-infl ated Poisson (ZIP) regression modelling. About 17% of GPs were not using computer for any clinical function, while 18% reported using computers for all clinical functions. The ZIP model showed that computer anxiety was negatively associated with effective computer use, while practitioners' belief about usefulness of computers was positively associated with effective computer use. Being a female GP or working in partnership or group practice increased the odds of effectively using computers for clinical functions. To fully capitalise on the benefi ts of computer technology, GPs need to be convinced that this technology is useful and can make a difference.
Introduction
There has been a steady increase in the use of computers in Australian general practice over the last decade. The use of computers by general practitioners (GPs) has increased from 15% in 1997 to 70% in 2000 (Venkatesh et al. 2003) and went up to 89% during the years -2005 (Mitchell, McConnahie & Sullivan 2003 . The latter study reported that the majority of GPs used computers at work for electronic prescribing (84%) or ordering tests (73%); nevertheless, only a third (33%) kept all patient information in an electronic format and little over a fifth (22%) kept all data electronically in their computers. A more recent study found that although 90% of GPs used computerised clinical packages, only 43% of them used them to generate lists of patients needing vaccines (Chismar & Wiley-Patton 2002) . While computerised decision support systems have been shown to improve clinicians' performance (Schaper & Pervan 2007) , earlier research reported that only a fifth (21%) of computerised practices always or usually used computer-aided decision support functions for diagnosis and treatment decision (Thornett, 2002) . Accessing educational materials for patients has increased over time from 29% of GPs in 2001 to 62.9% in 2005; however, less than 20% of GPs accessed computerised information during medical consultation (Chismar & Wiley-Patton 2002) . These findings suggest that some GPs in clinical practice are more enthusiastic than others in taking up the advantages of computer technology in their practice. Such variations in using computers for clinical functions are of concern especially when the Council of Australian Governments has committed $130 million to enhance quick, reliable and secure communication by electronic means across the healthcare system (NEHTA 2008) . Therefore, there is a need to understand the factors that might influence practitioners' acceptance of computer technology in their practice.
The Technology Acceptance Model (TAM), proposed by Davis (1989) , has been widely used to examine the relationship between perceived ease of use of a technology, its perceived usefulness, attitudes toward using, and actual use of the system (Wu et al. 2008; Wu, Wang & Lin 2007; Chismar & Wiley-Patton 2002; Yarbrough & Smith 2007) . This model hypothesises that ease of use and perceived usefulness can predict attitudes towards technology that then can predict the usage of that technology. Perceived usefulness is defined as the degree to which a person believes that using a particular system would enhance his or her job performance, while perceived ease of use is defined as the degree to which a person believes that using a particular system would be free of effort (Davis 1989) . Using TAM, Hu and others proposed that technology acceptance has three dimensions: (a) characteristics of individuals, (b) characteristics of technology and (c) characteristics of the organisational context (Hu et al. 1999) . Following Hu's model, a recent study identified the significant influence of effort efficacy (the degree of ease associated with the use of the system) on practitioners' usage intention, but failed to detect any significant association between attitudes towards computers and intention to use them (Schaper & Pervan 2007) . However, this finding is not consistent with previous research that identified computer attitude to be a significant predictor of physicians' behavioural intention (Venkatesh et al. 2003; Chismar & Wiley-Patton 2002) . A recent report on Australia's proposed national health information network, HealthConnect, identified user acceptance issues as a risk to successful implementation of the project (Fitzgerald, Aitken & Krauss 2003) . There is further evidence to suggest that intention to use tech-Research nology can be influenced by moderating variables such as age, experience and voluntariness of use, while gender may have mixed effects on intention to use computer technology (Venkatesh et al. 2003; Schaper & Pervan 2007) .
Although the extent to which GPs are involved in adoption and utilisation of computer technology is well known, there is little research that profiles GPs who are not fully capitalising on the benefits of computer technology for clinical processes. Using the same survey data, Western et al. (2003) examined GPs' use of computer for both administrative and clinical functions. The present paper aims to explore whether GPs' attitudes and perceptions about computerisation, along with other background and practice characteristics, influence their effective use of computers at work for clinical functions.
Method
The present study is based on data extracted from a national telephone survey of GPs, conducted in May 2001. The study population consisted of vocationally registered GPs with at least 375 Medicare claims in the last quarter of 2000. A stratified random sample of 3000 GPs was supplied by the Department of Health and Aged Care (DHAC) using the Health Insurance Commission (HIC) database (Western et al. 2001) . Of the 2167 eligible practices (currently practicing doctors with accessible valid telephone contacts), quantitative data about computer use for administrative and clinical purposes were gathered from 1202 nationally representative practices through telephone interviews from practices. These practices were then approached to participate in a more detailed practitioners' survey about clinical usage of computers and their attitudes towards computer uses. A total of 480 GPs completed the interview, which forms the basis of the present paper with a response rate of 40%. Interviews were scheduled at times of convenience to respondents, and multiple callbacks were employed to increase participation. The questionnaire about their computer use within the practice, their views about the usefulness of computers, the level of anxiety with computer use, and the ease with which information technology can be utilised in general practice was administered to the selected GPs. It also gathered information on GPs' background and practice characteristics. The project received ethical clearance from the University of Queensland Behavioural and Social Sciences Ethical Review Committee, Australia, before commencement.
Statistical analysis
The study participants were asked whether they have ever used a computer in their practice for a number of clinical tasks: a) running a recall system to remind patients to return for routine tests, b) Writing prescriptions, c) preparing referral letters for patients, d) receiving or storing information electronically such as pathology results and reports, e) using decision support functions to help solve diagnostic problems or make decisions about dispensing medications or treatment, f) recording progress notes, g) generating health summaries, and h) accessing educational material for patients. The dichotomous response options were 'Yes=1' and 'No=0'. Responses from GPs were then summed to obtain a score representing the extent of GPs' computer use within the practice; higher values representing heavy use of computers for clinical functions. This formed the outcome measure of interest for the present paper.
Based on the TAM, three key study variables considered for the analysis were: computer anxiety, ease of using computers and usefulness of computers. Anxiety was initially measured using the Computer Attitude Scale (Vuong 1989) and then converted into an anxiety index ranging from 0 to 10 with a high value representing more anxiety with respect to computer use. Cronbach's alpha, a measure of internal consistency or reliability of how closely related a set of items are as a group, for this index was .80, suggesting a high reliability for the index (Western et al. 2001) . Another index was developed, ranging from 0 to 10, from a list of items to capture perceptions of ease of the use of computers in general practice. A high value represents a belief that it is easy to acquire the skills to use computers (Davis 1989) . Views of the usefulness of computers in general practice was measured by a series of items and then translated into an index from 0 to 10 with a high value representing a doctor's strong belief about the usefulness of computers within the practice. The Cronbach's alpha for these two indexes, .81 and .83 respectively, indicate that both indexes are highly reliable measures (Western et al. 2001) . In addition, a number of background and practice characteristics of GPs were considered as control variables including: gender, place of graduation, year of qualification (as a proxy of age), place of practice, type of practice, computer at practice, computer at home, and duration of computer use.
In order to identify possible predictors of the extent of computer use for clinical functions by GPs, our analytical approach was to fit a regression model relating explanatory (study + control) variables to the number of clinical functions using computers. Given the count nature of the outcome variable with a preponderance of zeros (about 17%), a Zero Inflated Poisson (ZIP) regression model (Vuong 1989 ) was used to regress the number of clinical functions using computers on selected explanatory variables (see appendix A for details). Although Poisson regression model has been considered as the benchmark model to analyse count data, this model does not fit well when there are a large number of extra-zeros in the distribution. In the ZIP model, this zero-inflation is modelled by including a proportion of extra-zeros and an additional proportion coming from the Poisson distribution. For example, a zero-inflated model may be appropriate for studying smoking behaviours (e.g. number of cigarettes during the last week), where a 'zero' may represent nonsmokers (structural zeros), which clearly distinguish them from the smokers; a 'zero' may also represent smokers 
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Research who restrain from smoking for some reasons during the study period (sampling zeros). A likelihood ratio (LR) test was used to assess the significance of the fitted ZIP model. The sample was disproportionately stratified to overrepresent the smaller states and territories (Western Australia, South Australia, Tasmania, the Northern Territory and the Australian Capital Territory) and correspondingly to under-represent New South Wales in order to provide reliable estimates. As such, poststratification weighted analysis was carried out to adjust for the representation of different states and territories within the country. To compute weights, the country's GP population was first stratified by each state or territory. Post-stratification weights were then computed as the ratio of the within-stratum (state/territory) GP population proportion to the within-stratum (state/territory) GP sample proportion (see Western et al. 2003 for detail) . Only the variables significantly associated with the extent of computer use for clinical functions are presented in Table 2 . The analysis was performed using statistical software Stata 10.1 (Stata Corp, 2007) .
Results

Study sample
The participating GPs were predominantly male (71%, Table 1 ). Nearly three-quarters (73%) graduated within Australia and about nine percent graduated in 1990 or more recently. Two-thirds (66%) of GPs were practicing in capital cities and metropolitan centres, and one-third were in solo practices. The majority of GPs reported having a computer in their practice (88%) and in their home (91%). Half (50%) of GPs had been using computers for three years or more. Given the distributions were approximately normal, the mean scores for anxiety, ease and usefulness of computers were 3.43 (SD=1.94), 4.36 (SD=2.14), and 6.19 (SD=2.04), respectively.
Clinical functions using computers and their predictors
About 17% of GPs reported not using a computer in their practice for any clinical function (Figure 1 ), either because they did not have access to a computer (11%) or they were reluctant to use the technology (6%). As shown in Figure 2 , the use of computers for clinical functions decreased with the increase of anxiety score and increased with the increase of scores on ease and usefulness of computers. Half (50%) of GPs reported using six or more clinical functions using computers, while less than a fifth (18%) were using computers for all eight clinical functions listed on the survey. Research Table 2 displays the results for the ZIP regression. The logistic portion is based on the probability of no (zero) computer use for clinical functions. After adjusting for other factors, computer anxiety was significantly associated with no use of computer for clinical functions with a 37% increase in the odds (OR=1.37, 95% CI: 1.04-1.80) for every one-unit increase in anxiety score. GPs who had a computer in their practice had a remote chance of not performing any clinical functions using a computer at work. More recent graduates, compared with their counterparts who graduated before 1970, had much lower odds of not performing any clinical function using computers. For example, GPs who graduated from 1990 onwards had one-twentieth the odds of not using a computer for any clinical functions in their practice (OR=.05, 95% CI: .002-.91). Being a female decreased the odds of not using a computer for clinical functions at work by a factor of 0.26 (95% CI: .13-.82).
For the Poisson portion, the probability of using a computer to perform different clinical functions was calculated. Anxiety was negatively associated with computer use at practice; for each unit increase in anxiety the expected rate of computer use for clinical functions decreased by (1-.97) 100=3% (p=.001). Similarly, practitioners' belief about usefulness of a computer in general practice was positively but not linearly associated with their computer use for clinical functions. Using the estimates of usefulness and its quadratic term (useful-square), the non-linear effects of usefulness were estimated. For example, the expected rate of computer use for clinical functions was increased by factor of 1.35 for a usefulness score of 1, the expected rate increased by a factor of 1.82 for a useful score of 2, the expected Research rate increased by a factor of 2.45 for a useful score of 3 and so on. However, ease of computer use was not significantly associated with the use of computer for clinical function (result not shown). Computer use was 11% higher amongst female compared to their male counterparts (RR=1.11, 95% CI: 1.03-1.20). Having access to computers at practice increased the expected rate of computer use for clinical functions by a factor of 2.29 (95% CI: 1.11-4.73). The analysis also showed that working in group practice, as opposed to solo practice, was associated with a 14% increase in using computers for clinical functions (RR=1.14, 95% CI:1.03-1.26). A likelihood ratio (LR) test showed that the ZIP model, as a whole, was statistically significant (χ 2 (10) = 155.08, p<.0001).
The predicted probabilities of computer use were computed from the fitted ZIP model considering the covariates at their average levels. It was found that the probability of not using a computer for any clinical function, either because a GP did not have access to computer or because a GP with access to computer did not get the chance to use it, was .0742. The probability of not having the opportunity to use computers for clinical purposes was estimated to be .0653. Thus most of the zero scores for GPs are due to being in the group that never use computer at practice.
Discussion
Computerisation in Australian general practice has increased rapidly over the last decade; however, the full benefits of computerisation and access to knowledge are yet to be realised. Our study profiled a cohort of GPs who are reluctant to fully embrace the technology to maximise its benefits.
About 17% of GPs do not use computer at work for any clinical function, while only 18% of the participating GPs used computers for the eight functions covered in the questionnaire, which is slightly below the rate (22%) reported in a more recent study (Mitchell, McConnahie & Sullivan 2003) . This finding suggests some underutilisation of computer technology in general practice that has the potential to compromise care for management of chronic illness as well as more acute medical conditions (Mitchell, McConnahie & Sullivan 2003) .
In modeling the extent of effective computer use we have captured the relationship for GPs with and without access to computers in the practice, and computed the probability of not using computers because of lack of access to computers or lack of chance or willingness to use computers. Our analysis showed that not using computers at practice was predominantly due to lack of access to computer at practice. This was also supported by the ZIP regression modelling that access to computers at work significantly increased the use of computers for a variety of clinical functions.
While analysing data for practitioners with access to computers, our results showed that computer anxiety was inversely associated with effective use of computers for clinical purposes, which is consistent with the findings of earlier research (Alpay, Needham & Murray 2000) . As expected, the usefulness of computers was found to be positively associated with increased effective use of computers for various clinical functions. These findings suggest that practitioners can maximise the benefits of computerisation when they can realise the usefulness of computers within the practice and are not afraid of using the technology. This finding is similar to what has been reported elsewhere (Thornett, 2002) . The insignificant influence of ease on computer use for clinical function is not consistent with previous research that identified significant influence (Schaper & Pervan 2007) .
GPs who were practicing in partnership or group practices were more likely to use computers for clinical purposes than their solo counterparts. Part of the reasons could be that solo practices may not have the resources to establish a stable and fast computer system to facilitate performing the functions. Female GPs were found to be more proactive than males in using clinical functions in general practice.
Certain limitations of the study must be acknowledged. The response rate for the present study is 40%, similar to what has been reported in a more recent study (McInnes , Saltman & Kidd 2006) , which poses a threat to the external validity of the study findings. This point needs to be accounted for when interpreting the findings of the present study. However, efforts were made to maximise response rates; state based organisations of Divisions of General Practice promoted the study in local newsletters, introductory letters and information sheets were sent to GPs and practice managers in advance of data collection along with multiple call-backs. The study also relies on self-reported responses of computer use so the possibility of biased responses cannot be completely ruled out. It was not possible to independently verify patterns of computer use reported by GPs. In addition, the present study cannot rule out the possibility of recall bias in collecting details of computer use for clinical functions. Further research should attempt to independently verify self-reports of computer use, as well as to replicate the associations we have found between computer use, anxiety, perceptions of usefulness and the control variables.
The data used for this analysis were collected in 2001 and as such the findings may not represent the current computer use of today's GP workforce. However, the present study has contributed to the field by investigating the effect of computer anxiety and usefulness on computer use for clinical purposes. To the best of our knowledge, this is the first study of this kind that has established the existence of computer anxiety among Australian GPs and its negative impact on the use of computers. Although the current analysis is based on a dated population, the findings are still useful as no recent research has examined attitudinal issues in use of computers for clinical purposes in Australian general practice. Given the Australian GPs' reluctance to fully Research embrace the technology for clinical purposes (Henderson, Britt & Miller 2006) , it would be interesting to revisit their perception and anxiety about computer use and examine how these factors are contributing to any reluctance in computer use for clinical purposes. Furthermore, the findings of the present study can be used as a baseline for further analysis in the current health information technology environment.
Conclusion
We have specifically found that perceptions of usefulness of computers and lack of computer anxiety are positively associated with effective use of computers for clinical processes in general practice, but that perceptions of ease of use are not. This provides support for two of the key elements of the Technology Acceptance Model. Lack of use is more the result of lack of access than an unwillingness to use computers. Encouraging GPs to fully embrace computer technology for clinical purposes through highlighting its benefits in patient care is an important step towards achieving maximum benefits of computerisation in Australian general practice.
